Abstract-In this paper, optical multimode fiber reflectance sensor for ethanol with different concentrations in water was developed. The sensor was coated with graphene oxide (GO) by drop-casting technique.
INTRODUCTION
Recently, there is a growing interest in the application of graphene oxide (GO) in chemical and biosensor [1] . The ability of GO to dissolve in water and other solvents makes it easy to be deposited on a wide range of substrates in the form of thin film. This is a prerequisite in applications such as low cost flexible electronics, photovoltaic and sensors [2] . Among various platforms for sensing, optical fiber sensors offer unique advantages such as immunity to electromagnetic interference, temperature and large bandwidth [3] . The sensitivity of a fiber optic sensor can be improved by integrating nanomaterial on the sensing area [4] .
Ethanol is a volatile and flammable liquid. It is widely used in pharmaceutical companies, in thermometers and also as a fuel. Therefore, the detection of ethanol is very important [5] . Considering the ethanol extensive applications, the sensing response of optical fiber tip coated with GO towards the chemical was studied. GO was coated on the optical fiber tip by drop-casting technique.
The principle of operation of the fiber sensor relies on the interaction between the analyte and sensing layer. This Kuala Lumpur, Malaysia interaction in turns lead to the modulation of the intensity of the light reflected back into the fiber [6] . In this work, a reflectance based fiber sensor coated with GO towards ethanol in water was developed.
II.
EXPERIMENT A.
Deposition of GO nanostructured thin films
The GO was synthesized via simplified Hummers' method [7] . The concentration of GO used in this experiment is 1 mg/m!. The nanostructured deposition of GO thin film was done by drop-casting technique. The deposition was performed on glass substrates for characterization purpose and on the optical fiber tip for the ethanol testing. First, the transparent glass substrate was cleaned with ethanol and heated in an oven at 70T for 5 minutes [8]. 2.5 ml of GO liquid was drop-casted on the transparent glass substrate [9] . Afterward the substrate was heated at 70T for 10 minutes and then left to dry to obtain a uniform thin film. The same steps were deployed for multimode optical fiber.
Microcharacterisation techniques used in this experiment are Raman analysis, electron microscopy and optical spectrophotometric system. Raman analysis was performed using Alpha300M Raman spectrometer system (WITec) with excitation source of 532 nm laser. The morphology of the GO thin films was examined using a FEI Nova NanoSEM. Optical properties of the thin film were measured with Ocean Optics spectrophotometer.
B.

Experimental setup
A standard multimode fiber tip with core diameter of 60.21lm and cladding diameter of 125 Ilm was used for ethanol detection. Ethanol with different concentrations were prepared by mixing different ratios of distilled water with pure ethanol and then stirred rigorously. The percentage of ethanol in water was varied from 5% -40%. The fiber tip which acts as a sensing probe was immersed in the different concentrations of ethanol. The experimental setup for the reflectance tip sensor is demonstrated in Fig. 1 . It consists of tungsten halogen white light source (HL2000 Ocean Optics), spectrophotometer (USB4000 Ocean Optics), 2xl coupler and a personal computer. The spectrophotometer was connected to the computer system via a USB port. Sensing results were recorded using SpectraSuite software. A.
III.
RESULTS AND DISCUSSION
�specwoscopy
Fiber Tip
Raman spectroscopy is an analytical system used in order to investigate the qualitative and quantitative technique by radiation scattering [10], [11] . It is a powerful technique that is used to identify carbon materials such as graphene and GO. Fig. 2 shows the Raman spectra of GO thin film on transparent glass substrate. The spectrum shows two characteristic peaks, D and G. D peak is around 1360 cm-I and G peak is at 1610 cm-I . The D peak is as a result of the imperfection caused by hydroxyl and epoxide groups on carbon planes. The G peak corresponds to the first order scattering of the E2 g mode as found and described in many literatures review [8] , [12] [13] [14] . Wavenumber (cm-1 ) Figure 2 . Raman spectra of GO films.
B.
Scanning Elecwon Microscopy (SEM)
Scanning Electron Microscopy (SEM) is one of the most important methods utilized in this task to describe materials morphology and structure distribution. A SEM composes of an electron optical column, a focused beam of high-energy electrons and a vacuum system [12], [13] . Fig. 3 shows SEM image of GO thin films drop-casted on glass transparent substrates. The GO film has a soft and white-gray surface film. The wrinkles sections can be identified as the thickest GO layers and the smooth gray as the thinnest GO layers [14] . The thickness is estimated to be 25-32 /-lm. 
C
Transparency of GO coated on glass subswate
Transparency of the GO thin films on glass substrate is shown in Fig. 4 . It was found that the transparency depends on the concentration and film thickness of GO. It was observed that the transparency of the GO films is dependent on the wavelength. The GO thin film has transparency around 67% in the near infrared region (700 -900 nm). Meanwhile, the film 's transparency was recorded around 40% at wavelength = 550 nm. The fall in the transparency around 400 nm is suggested due to the band gap absorption [15] . 
D. Ethanol sensing peiformance
Fig . 5 shows the dynamic response of the GO nanostructured thin films when exposed to different concentrations of ethanol in distilled water at room temperature. The reflectance response is integrated over a wavelength range of 400 nm to 900 nm. A significant increase in the percentage of reflectance was observed for the whole visible spectrum. It was also found that the recovery time of the GO thin films after exposure to ethanol is decreased slightly when ethanol concentration increases. The reflectance decreases progressively with the increasing ethanol concentrations. The ethanol concentration as low as 5% resulted is a decrease of 37% with respect to the baseline. The response and recovery of the developed sensor are fast. The response time towards the whole concentrations range of ethanol is all less than 30 s, while the recovery time is less than 45 s. Nevertheless, the response magnitude of the sensor is similar and saturate for the different ethanol concentrations. It is believed that the GO coated fiber tip is highly sensItive towards ethanol with the prepared concentrations. The result shows a promising performance of GO coated optical fiber tip as a highly sensitive ethanol sensor.
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Time (s) Figure 5 . Dynamic response of GO nanostructured thin films exposed to different concentrations of ethanol.
IV.
CONCLUSION
Reflectance response of optical multimode fiber sensor coated with GO towards different concentrations of ethanol was presented. GO was deposited on the optical multimode fiber tip by drop-casting method. The transparency of the GO thin film is around 67%. The reflectance of the optical multimode fiber tip varies with ethanol concentrations in the range of 5% to 40%. The response and recovery time of the sensor are about 30 and 45 s, respectively.
V.
